The $\Lambda(1405)$ as a Hybrid by Kisslinger, Leonard S. & Henley, Ernest M.
ar
X
iv
:0
91
1.
11
79
v4
  [
he
p-
ph
]  
30
 Se
p 2
01
0 QCD: The Λ(1405) as a Hybrid
Leonard S. Kisslinger1 and Ernest M. Henley2
1 Department of Physics, Carnegie Mellon University, Pittsburgh, PA 15213
2 Department of Physics, University of Washington, Seattle, WA 98195
Abstract
Using the QCD Sum Rule Method, we estimate the mass of the lowest strange
mixed hybrid/three-quark baryon with IJP = 0(1/2)−. We find the mass for a hybrid
is approximately that of the Λ(1405), whose nature has been a puzzle for many decades.
Possible tests of this result are discussed.
1 Introduction
The nature of the Λ(1405) has been of interest for many years. More than four decades ago
experiments showed[1] that this was a state with spin=1/2. Using a SU(3) meson-baryon
potential it was predicted to be a K¯ −N resonance[2, 3] with IJP = 0(1/2)− . There have
been many studies using such a model. Recently chiral SU(3) meson-baryon potentials have
been used in detailed studies[4, 5], and conclude that the the Λ(1405) is a K¯−N resonance.
See Refs.[4, 5] for references to earlier publications using such a model. Recent experiments
using the CLAS detector system at JLAB have carried out high statistics photoproduction
measurements of the Λ(1405)[7]. Although the analysis of the data is not complete, the
present results do not seem to be consistent with K¯ −N resonance models.
Recently, the method of QCD Sum Rules has been used to explore the possibility that
the Λ(1405) has a large pentaquark component[6]. As explained in Ref[6], the results are
not conclusive; and the authors also discuss attempts by other authors to find the nature of
the Λ(1405). These theoretical models and experiments have shown that the Λ(1405) is not
a standard three-quark baryon, and are the motivation for our present work, in which we
explore the possibility that the Λ(1405) is a strange hybrid baryon.
For many decades there has been a great interest in detecting and studying hybrid
hadrons. The early work on hybrid hadrons was based on quark models, in which mesons
with certain so-called exotic quantum numbers could not exist as quark-antiquark states.
Since with three quarks there are no such exotic quantum numbers, all of the work was on
mesons as quark-antiquark-gluonic states. See Ref[8] for a review of hybrid mesons using
bag models.
At the present time by hybrids one uses the concepts of Quantum Chromodynamics
(QCD) in which the quarks are in a color octet, and with a color octet valence gluon form
1
a color singlet physical state. Therefore, hybrids can be mesons or baryons. With such a
hybrid theory the Λ(1405) would have three quarks (uds) in an octet configuration and a
valence octet gluon. Thus it would have a [udsg] structure. There have been a number
of studies of the Λ(1405) as a strange hybrid. In recent studies by Kittel and Farrar[9, 10]
using the bag model of Barnes and Close (who also studied the Λ(1405)[11, 12]) the isosinglet
Λ(1405) and Λ(1520) (with JP = (3/2)−) were found to be hybrids. This model, however,
is not consistent with the negative parity of the Λ(1405). Note that in the earlier work with
this model[12] the lightest possible hybrid was found to be P11(1710), and a mass of 1405
was ruled out.
Soon after the method of QCD Sum Rules was introduced it was used to study hybrid
mesons[13, 14]. Recently a study of vector JP = 1−− states found[15] qq¯g, qs¯g, and ss¯g
hybrid mesons with masses 2.3-2.6 GeV. Some years ago a calculation using QCD Sum Rules
was carried out to find lightest hybrid baryon with JP = (1/2)+, like the proton[16]. This
was followed by an improved calculation[17], with the result that the mass of this hybrid
is approximately that of the P11(1440), the Roper resonance. The Roper is a very broad
resonance, and there might even be two states, a hybrid and a non hybrid. An extension
of this work, that is closely related to our present project, was the use of QCD Sum Rules
to find the lowest JP = (1/2)+ strange hybrid baryon[18]. Such a state was found at the
energy of the Λ(1600), about 500 MeV above the Λ , which allows a possible experimental
test via σ decay. We shall discuss this below.
Recently studies of heavy quark hybrids were carried out. It was shown that there is no
satisfactory solution for hybrid charmonium or upsilon in the lowest energy states[19]. In
a subsequent study[20] it was shown that the Ψ′(2S) and Υ(3S) states are approximately
50-50 mixtures of hybrid and normal mesons. This provides a solution to some puzzles in the
decays of these states that standard quark models, which can fit the energies of the states
as pure heavy quark mesons, cannot explain.
In the present research we extend the work of Ref[17], first using a current for a IJP =
0(1/2)− strange hybrid baryon, an then a current with mixed hybrid and normal three-
quark strange components. Our objective is to find the mass of the lowest IJP = 0(1/2)−
mixed strange hybrid/three-quark baryon, to see if our solution satisfies the conditions for
a satisfactory QCD Sum Rule solution, and to compare it to the mass of the Λ(1405).
We then discuss some possible experimental tests of the Λ(1405) as a hybrid, incluidng
photoproduction.
2 Λ(1405) as a hybrid
Following the work of Ref.[17], in which QCD Sum Rules were used to show that there is
a hybrid baryon with the quantum numbers of the proton and the Roper resonance, with a
mass about that of the Roper resonance, we investigate the possibiity that the Λ(1405) is a
hybrid baryon. Also, recently it has been shown that although the ψ′(2S) is not a hybrid
meson, it is a mixed hybrid-charmonium meson, with a similar result for the Υ(3S), which
solves some puzzles[20]. In our present work we attempt to find the lightest hybrid with the
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properties of the Λ(1405); and if it turns out that there is no satisfactory solution, in future
work we shall explore the possibility that the Λ(1405) is a mixed hybrid-normal baryon.
The current that we use for a strange hybrid I = 0, JP = 1/2− baryon is that used in
Ref.[17] with modifications for the quantum numbers of the Λ(1405). The current for the
I = 0, JP = 1/2+ Λ baryon[21], expressed in a more convenient form[22]
JΛ(x) =
√
1
2
ǫabc[(ua(x)Cγµsb(x))γ5γµdc(x)− (da(x)Cγµsb(x))γ5γµuc(x)] . (1)
Using the same modification as for a hybrid nucleon[17], the current that we use for a strange
I = 0, JP = 1/2− hybrid is
JH(x) =
√
1
2
ǫabc[(ua(x)Cγµsb(x))γα[Gµαd(x]
c − (da(x)Cγµsb(x))γα[Gµαu(x]c] . (2)
In Eq(2) a,b,c are color indices and u, d, s are up, down, and strange quark fields; and
Gµν =
8∑
a=1
λa
2
Gµνa , (3)
with λa the SU(3) generator (Tr[λaλb] = 2δab).
First we shall use the method of QCD Sum Rules to estimate the mass of the lowest
strange hybrid baryon and see if it matches the mass of the Λ(1405). Then we shall use a
current which is an admixture of a hybrid and a normal strange IJP = 0(1/2)− baryon.
2.1 Review of QCD Sum Rules for a strange hybrid baryon
The correlator for use in the QCD sum rule method for a strange hybrid baryon with IJP =
0[1
2
]− is
ΠH(x) = < 0|T [JH(x)JH(0)]|0 > , (4)
The QCD sum rule method is based on equating a dispersion relation of the correlator,
called the left hand side, to an operator product expansion (OPE) of the correlator, called
the right hand side. For our hybrid hypothesis the dispersion relation is
Π(q)Hlhs =
ImΠH(MH)
π(M2H − q2)
+
∫
∞
s0
ds
ImΠH(s)
π(s− q2) (5)
whereMH is the mass of the state (assuming zero width) and s0 is the start of the continuum–
a parameter to be determined. The imaginary part of ΠH(s), with the term for the state we
are seeking shown as a pole (corresponding to a δ(s−M2H) term in ImΠ), and the higher-lying
states produced by JH shown as the continuum, is illustrated in Fig. 1
3
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Im Π (s)][
s2H
Figure 1: QCD sum rule study of a state H with mass MH (no width)
Next ΠH(q) is evaluated by an operator product expansion (O.P.E.), giving the right-
hand side (rhs) of the sum rule
Π(q)Arhs =
∑
k
ck(q)〈0|Ok|0〉 , (6)
where ck(q) are the Wilson coefficients and 〈0|Ok|0〉 are gauge invariant operators constructed
from quark and gluon fields, with increasing k corresponding to increasing dimension of
Ok. It is important to note that the Wilson coefficients, ck(q) obey renormalization group
equations[22]
After a Borel transform, B, in which the q variable is replaced by the Borel mass, MB,
the final QCD sum rule has the form
BΠH(q)(LHS) = BΠA(q)(RHS) . (7)
For a succesful solution the value of MH(MB) should have a minimum near the value of
MB, and should not depend very much onMB. Also, the value of so should be approximately
the magnitude of the square of the mass of the next higher excited state.
2.2 QCD Sum Rule for a Strange Hybrid IJP = 0(1/2)− baryon.
It is useful to divide the correlator into a vector and scalar part, ΠHV and Π
H
S :
ΠH(p) =
∫
d4xe1p·xΠH(x) = ΠHV (p) 6p+ΠHS (p) (8)
For our present problem we use diagrams up through dimension six. The diagrams needed
are shown in Fig.2.
The lowest dimension term, shown as 1 in Fig. 2, is
ΠH1 (x) =
1
2
∑
a,b,c,d
(ǫabc)2g2[Tr[γµSs(x)γνSu(−x)]Sd(x) + (9)
Tr[γµSs(x)γνSd(−x)]Su(x)− Tr[Su(−x)γµSs(x)γνSd(−x)]
−Tr[Sd(−x)γµSs(x)γνSu(x)]]Tr[1
4
λdλe]γσγλ < Gdµσ(x)G
e
νλ(0) > ,
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with Sf(x) the f-flavor quark propagator. Neglecting the quark masses for the u and d
quarks, the quark propagators are
Su(x) = Sd(x) = S(x) =
i
2π2
6x
x4
S(p) =
6p
p2
(10)
Ss(p) = S(p) +
ms
p2
,
where ms is the strange quark mass, and we assume 1/(p
2 −m2s) ≃ 1/p2 for the values of p2
which are relavent for the calculation of the mass of the hybrid baryon.
Thus for the vector part of ΠH1 (p) one must evaluate
ΠH1V (p) =
∫
d4xe1p·x
∑
a,b,c,d
(ǫabc)2g2Tr[γµS(x)γνS(−x)] (11)
Tr[
1
4
λdλe]γσγλ < Gdµσ(x)G
e
νλ(0) > S(x) .
We do not need the scalar part, ΠH1S(p), as is explained below.
In order to complete the calculation of ΠH1V one needs the following:
Tr[
1
4
λdλa] =
1
2
δ(d, a) , (12)
< Gµσ(x)Gνλ(0) >=
1
2π2x4
[gσλ(gµν
−4xµxν
x2
) + (σ, λ)↔ (µ, ν)− σ ↔ µ− λ↔ ν] ,
After a rather complex calculation, using g2 = 4παs ≃ 4π, we find that
ΠH1 (p) =
i
5 · 3 · 214 · π5 6pp
8ln(−p2) (13)
The next term in the OPE, shown as 2 in Fig. 2, contains the gluon condensate. The
basic difference from diagram 1 is[22]
< Geµσ(x)G
e
νλ(0) > ⇒ < Geµσ(0)Geνλ(0) > (14)
< Geµσ(0)G
e
νλ(0) > =
(gµνgσλ − gµλgνσ) < G2 >
25 · 3 ,
5
2 3a
3b 3c 4
5b 5c5a
1
u
d
s
G
      Terms in strange hybrid meson correlator through dimension six
Figure 2:
where < G2 > is the gluon condensate. This term of the correlator has only a vector
part, and in momentum space is
ΠH2 (p) =
i < G2 >
212 · π3 6pp
4ln(−p2) . (15)
The quark condensate terms are shown as diagrams 3a, 3b and 3c, Fig. 2. Processes 3b
and 3c vanish, while 3a is obtained from process 1 with the replacement (see Eqs.(9,10))
Ss(x) ⇒ < s¯s >
12
, (16)
where < s¯s > is the strange quark condensate. Therefore we find that processes 3 have only
a scalar part, and in momentum space is
ΠH3S(p) = i
< s¯s >
29 · 3π3p
6ln(−p2) . (17)
For process 4, Fig. 2, one makes use of the OPE for the gluon field[22]:
Geµσ(x) ≃ Geµσ(0) (18)
+
gxβxδ
4
febcG
b
µβ(0)G
c
σδ(0) + ... ,
where the first term gives the gluon condensate in process 2.
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To obtain the correlator for process 4 one needs the expression for the three-gluon vacuum
expectation value:
< febcG
e
νλ(0)G
b
µβ(0)G
c
σδ(0) >=
< febcG
3 >
24
[gνδgµλgβσ + seven similar terms] , (19)
with < febcG
3 > the six-dimensional three-gluon condensate.
After a complicated calculation one finds for the vector correlator for process 4
ΠH4V (p) = −
i < g3fG3 >
27 · 3π4 6pp
2ln(−p2) . (20)
The final dimension six processes are shown in diagrams 5a, 5b, and 5c, FIG. 2. One
can show that the sum of the two terms with gluon fields coupled to the u and d quarks,
processes 5a and 5b, cancel; i.e., Π5a+Π5b = 0. For the 5c process, with a gluon field coupled
to the strange quark, the calculation is similar to the calculation for process 2, with a gluon
condensate, with the propagator for the s quark replaced by the s quark propagator with an
external gluon field, as shown in process 5c of Fig. 2. Thus the expression for the s quark
propagator becomes
Ss(x) ⇒ i
2π2
g
24
6xσρδ + σρδ 6x
x2
Gρδ + scalar part . (21)
After a lengthy calculation one finds for the vector part of process 5 in momentum space
ΠH5V (p) =
i < g3fG3 >
28 · 3 · π4 6pp
2ln(−p2) . (22)
The only nonvanishing mixed quark condensate only contributes to the scalar part of
the correlator, like process 3, which does not enter in our estimate of the strange hybrid
mass (see below), and is therefore not considered. The final dimension six diagram is the
four-quark condensate, proportional to < u¯u >< d¯d >. Using < q¯q >≃ 0.014GeV 3 one finds
that this diagram is less than 10 % of the leading diagram, and is neglected.
In summary, separating the hybrid correlator into a vector and scalar part, with the
vector part
ΠH(p) ≡ ΠHV (p) 6p+ΠHS (p) , (23)
ΠHV (p) = i
ln(−p2)
3 · 27 · π4 [
g2p8
5 · 27 · π +
3 · πg2 < G2 > p4
25
− < g3fG3 > p2(1.− 0.5)] . (24)
We use the standard values for the gluon condensates, < αsG
2 > = 0.0377 GeV2 and
< g3fG3 > = 0.0422 GeV6, with g2/4π ≃ 1.0. Note that in Refs[19, 20] only the scalar
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part of the correlator is used to estimate the hybrid meson mass. The vector correlator is
more reliable for the present calclculation, as the scalar part mainly has higher dimensional
contributions, and we only use the vector correlator to estimate the strange hybrid mass in
our present work. In many applications of the QCD Sum Rule Method one obtains the mass
of the pole term by taking the ratio of the vector to scalar correlator, or similar techniques.
This removes unknown constants. Another standard technique is to use either the vector or
scalar component and take the ratio to the sum rule to its derivative with respect to 1/M2M ,
which is the method we use in the present work.
First note that the Borel transform has the following properties:
B 1
p2 − s = −e
−s/M2
B
B[(p2)kln(−p2)] = −k(M2B)k+1 . (25)
From this we obtain the left and right hand sides of the correlator as a function of the
Borel mass (in units of GeV):
ΠHV (MB)rhs =
i
3 · 28 · π4 [0.3(M
2
B)
5 + 0.56(M2B)
3
−0.0211(M2B)2] and (26)
ΠHV (MB)lhs = Fe
−M2
H
/M2
B + e−s0/M
2
B(K0 +K1M
2
B
+K2M
4
B +K3M
6
B +K4M
8
B) ,
where F is the amplitude of the pole term, the Ki are chosen to fit the continuum, and s0
is the value of s at the start of the fit to the continuum.
Evaluating the sum rule by combining it with a derivative ∂/∂(1/M2B) of the sum rule
(see, e.g., Ref[20]), and redefining the constants ci = −3 · 28 · π4/i × Ki, one obtains the
expression for (MH)
2 as a function of (MB)
2
M2H = (e
−s0/M2B [s0(c0 + c1M
2
B + c2M
4
B + c3M
6
B
+c4M
8
B) + c1M
4
B + 2c2M
6
B + 3c3M
8
B + 4c4M
10
B ]
+1.5M12B + 1.68M
8
B − 0.0422M6B)×
(e−s0/M
2
B(c0 + c1M
2
B + c2M
4
B + c3M
6
B + c4M
8
B)
+0.3M10B + 0.56M
6
B − 0.0211M4B)−1 . (27)
The solution to the sum rule is shown in FIG 3. Following the standard QCD Sum Rule
procedure, the parameters s0, ci are chosen so the value of M
2
H has a minimum and has a
very weak dependence on M2B in the region of the minimum. The solution shown in FIG 3
is obtained with s0=2.5 GeV
2 and c0 = 230., c1 = −38., c2 = 8.1, c3 = −7.6, c4 = −.088,
with appropriate powers of GeV.
With s0=2.5 GeV
2 and the values of ci given above, the pole term approximately 40%
larger than the continuum. This satisfies the criteria for a good solution. Using the criteria
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MH
2
1.9802
1.9801
1.9803
1.9804
1.970 1.975 1.980 1.985 1.990
MB 
2
Figure 3: Solution to QCD Sum Rule. The units for the masses are GeV
that have been used for decades we estimate that the error in our calculation of the mass
is about 15 per cent. As one can see from the figure the mass of the lowest strange hybrid
with IJP = 0(1/2)− is 1407 MeV, which is approximately the mass of the Λ(1405). We
emphasize that by including all graphs through dimension six, we ensure the convergence of
the operator product expansion. Note that the dimension six contributions to the correlator
after the Borel transformation are very small.
In thre next section we consider a mixed hybrid-three quark model for the IJP = 0(1/2)−
Λ(1405).
3 Λ(1405) as a mixed hybrid/3-quark strange baryon
In our study of heavy quark mesons[19], no hybrid charmonium solution was found; and in
further studies of charmonium and upsilon states it was shown[20] that the Ψ′(2S) and Υ(3S)
states are a mixed hybrid and normal meson. In the study of the Λ(1405) by Nakamura
et al[6] QCD Sum Rules were used with a mixed three-quark (J3) and pentaquark (J5)
current. Although a stable solution was not found, this study showed that the 3-quark
component was small. We now investigate the possibility that there is a QCD Sum Rule
solution with a correlator given by a mixed hybrid and 3-quark current:
J(x) = bJH(x) +
√
1− b2J3 , (28)
and the correlator
ΠH−3(x) = < 0|T [J(x)J(0)|0 > (29)
= b2ΠH(x) + (1− b2)Π3(x) + 2b
√
1− b2ΠH3(x)
ΠH(x) = < 0|T [J(x)HJH(0)|0 >
Π3(x) = < 0|T [J(x)3J3(0)|0 >
ΠH3(x) = < 0|T [J(x)HJ]3(0)|0 > ,
Where J(x)H is the hybrid current, defined in Eq(2) and J3 is the three-quark current.
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3−quark(4a)
hybrid/3−quark(4b)
Figure 4: Diagrams for the 3-quark and coupled hybrid/3quark correlators
We could use the same J3 for a strange IJ
P = 0(1/2)− state as in Ref[6], but since it has
different dimensions than JH for our calculation or J5 with a mixed J3 and J5, current, the
Sum Rule method cannot be used without a method of normalizing the two components of
the current. In Ref[6] a model for the wave functions was used to obtain the dimensional
normalization. In our present work we wish to use QCD direclty. Using the method derived
for the mixed heavy-quark/hybrid-heavy-quark QCD Sum Rule calculation[20] we obtain a
crucial relationship between Π3(x) and ΠH3(x) correlators, which are shown in Fig 4.
By using the external field method, as in Ref[20] one can show that
ΠH3(x) ≃ π2Π3(x) . (30)
Noting that ΠH(x) and ΠH3(x) have the same dimension, we use for the mixed hybrid/3-
quark strange IJP = 0(1/2)− correlator
ΠH−3(x) = b
2ΠH(x) + (
(1− b2)
π2
+ 2
√
1− b2)ΠH3(x) . (31)
Note that there are three diagrams for ΠH3, shown in Fig.4b. The gluon from the hybrid
vertex can couple to the u, d, or s quark. The first two cancel, and ΠH3 is given by the
coupling to the strange quark:
ΠH3(x) = −ig
2
3
Tr[S(x)γνS(x)γµ]γ
µ[σκδ, S(x)]+γλTr[G
νλ(0)Gκδ(0)] . (32)
All of the quantities in Eq(32) have been defined above except the anticommutator [A,B]+ =
AB +BA, and σκδ = i(γκγδ − gκδ).
After a somewhat complicated calculation and a Fourier transform, we find that with
the neglect of quark masses, as in the calculation of ΠH , the only term with dimension 6 or
less has the form g2 < G2 > p4ln(−p2), proportional to the second term in ΠHV (p) shown in
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Eq(26). Therefore, after a Borel transform ΠH3(MB) will be proportional to (M
2
B)
3 as is the
second term in ΠHV (MB), Eq(26). One finds (in comparison to the second term in Π
H
V , Π
H
2 )
that
ΠH3(MB) = Π
H
2 (MB)× (0.2) . (33)
Thus we find that the contribution to the mixed hybrid/3-quark correlator from the 3-
quark component is approximately 20 % of the second-order term in the hybrid correlator
for any value of b. Noting that terms of this magnitude have been dropped in obtaining the
hybrid correlator, as discussed in Section 2, we conclude that our calculaion of the Λ(1405)
as a hybrid, discussed in the previous section, is unchanged within errors of the method of
QCD Sum rules. Our result is analogous to that in Ref[6] in which it was found that the 3q
component was very small in their 3q/5q model.
It is interesting to compare our present calculation of the Λ(1405) as a mixed mixed
hybrid/3-quark state to our previous calculation of the Roper as a mixed hybrid/3-quark
state, with the 3-quark component being nucleon-like. In that calculation[17] it was found
that the 3-quark component of the Roper was small, and that the Roper is essentially a pure
hybrid baryon, similar to our conclusion about the nature of the Λ(1405).
We now discuss possible experimental tests of the hybrid nature of the Λ(1405).
4 Experimental tests of the Λ(1405) as a hybrid
The only decay mode of the Λ(1405) that has been measured is the decay into a Σ + π. It
would be interesting to calculate the π+ vs π− decay[4], for which we need to extract the
equivalent to the Λ(1405) wave function. This is not provided by the QCD Sum Rule, and will
be the subject of a future investigation. Moreover, we shall investigate the photoproduction
of the Λ(1405), and expect very different results than those found using a bag model[12]
Polarization could also be an important test of the nature of the Λ(1405). Polarization of
Λ in diffractive pp collisions was measured some years ago[23]. See Ref.[24] for a theoretical
study using a standard model for the Λ(1405) baryon, which is not consistent with the
data, and references to earlier publications. Note that the polarization of the J/Ψ, which
was measured by the CDF Collaboration[25], was shown[26] to disagree with the standard
nonrelativistic QCD factorization method, and might be a test of the nature of charmonium
states. Similarly, the polarization of the Λ(1405) could be used to test the hybrid nature of
that state. Measurements of the photoproduced Λ(1405) are in progress[7]. One mechanism
for polarization of the hyrid Λ(1405) is shown in Figs. 5 and 6.
The figures show a photon producing a ss¯ pair, which leads to the process γ + p →
Λ(1405) +K+, as in the usual photoproduction process. For our case, however the s quark
(or s¯ quark) emits an octet gluon before combining with u and d quarks to form a hybrid
Λ(1405) The vector gluon would then lead to quite different polarzation than in the same
process without the gluon, as in a standard u, d, s strange baryon. The study of such processes
for the polarization of the Λ(1405) created via photoproduction, shown in Fig. 6, is part of
our future research.
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Figure 5: Scalar glueball-meson coupling theoremu
d
s
s
u
p
Λ (1405)
K+
g
γ
Figure 6: Polarization of a photoproduced hybrid Λ(1405)
pi
pi
σ
(1405)Λ Λ
Figure 7: Sigma decay of a hybrid Λ(1405)
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An important test of hybrids is σ decay. The σ is a broad singlet π − π resonance at
about 600 MeV. Using a theorem on the coupling of glue to a scalar meson[27], illustrated in
Fig. 5. σ decay of the Roper[17] and the Λ(1600)[18] were suggested as experimental tests
for the hybrid nature of these states. The mechanism for the creation of a hybrid is shown in
Fig. 6. This so-called sigma/glueball model, based on the theorem illustrated in Fig. 5, has
predicted the decay of glueballs into sigmas[28], which is consistent with experiment[29]. It
was used in Ref.[20] to explain why the Υ(3S) emits a σ when decaying to the Υ(1S), while
the Υ(4S) and Υ(2S) do not. Sigma decay of the Λ(1405) is shown in Fig. 7. Unfortunately,
the mass of the Λ(1405) is just above the threshold for decay into a Λ+2π, so one could not
detect the entire sigma resonance, but there should be a large enhancement of 2π decay of
a Λ(1405) into a σ + Λ, which could be measured. This is a subject of future research.
5 Conclusions
Using the QCD Sum Rule method we find that the Λ(1405) is consistent with being a strange
hybrid baryon. Ours is the only calculation which has been done to examine the possibility
that this state is a hybrid that proceeds directly from QCD. Since this method does not
provide the wave function for the state, we shall use other methods to estimate the decay
widths and polarization in the future. The sigma (pi-pi resonance) decay is an important
test of the hybrid nature of a state, so the decay of the Λ(1405) into a Λ+ 2π could provide
a test of our theory.
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